Abstract. We apply a simple, one-equation, galaxy formation model on top of the halos and subhalos of a high-resolution dark matter cosmological simulation to study how dwarf galaxies acquire their mass and, for better mass resolution, on over 10 5 halo merger trees, to predict when they form their stars. With the first approach, we show that the large majority of galaxies within group-and cluster-mass halos have acquired the bulk of their stellar mass through gas accretion and not via galaxy mergers. We deduce that most dwarf ellipticals are not built up by galaxy mergers. With the second approach, we constrain the star formation histories of dwarfs by requiring that star formation must occur within halos of a minimum circular velocity set by the evolution of the temperature of the IGM, starting before the epoch of reionization. We qualitatively reproduce the downsizing trend of greater ages at greater masses and predict an upsizing trend of greater ages as one proceeds to masses lower than mcrit. We find that the fraction of galaxies with very young stellar populations (more than half the mass formed within the last 1.5 Gyr) is a function of present-day mass in stars and cold gas, which peaks at 0.5% at mcrit=10 6−8 M⊙, corresponding to blue compact dwarfs such as I Zw 18. We predict that the baryonic mass function of galaxies should not show a maximum at masses above 10 5.5 M⊙, and we speculate on the nature of the lowest mass galaxies.
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Introduction
There is still much debate on how galaxies acquire their mass and when do they form their stars. The mass growth of galaxies can occur either by accretion of Fig. 1 . Illustration (Cattaneo et al. 2010 ) of the toy model of galaxy formation (eq. [2.1] with vreion=40 km s −1 , vSN=120 km s −1 , M shock =8 × 10 11 h −1 M⊙ and 40% of the stellar mass stripped at every passage through a parent halo) at two different epochs: z=0 (upper halo mass scale) and z=5 (lower halo mass scale). The variations with redshift come from the redshift modulation of the dependence of vcirc on M .
gas that cools to form molecular clouds in which stars form or by galaxy mergers. While it is generally accepted that spiral disks form through the first mode, it is still unclear whether elliptical galaxies are built by mergers or not. We use a very simple toy model of galaxy formation (Cattaneo et al. 2010 ) run on top of dark matter halo merger trees to understand how dwarf galaxies acquire their mass. We also use the toy model to predict the frequency of galaxies with stellar population as young as the very metal-poor (1/50th solar metallicity) galaxy I Zw 18, for which analyses of the color-magnitude diagrams observed with HST have revealed that the bulk of the stellar population is younger than 500 Myr (Izotov & Thuan 2004 ) or 1.5 Gyr (Thuan et al. 2010 , see also Aloisi et al. 2007 ). 10 M⊙ one can neglect the gas) acquired by mergers, for all galaxies (solid green) and h M halo > 10 13 M⊙ cluster satellites (dashed black ). The dotted red line shows the baryons trace the dark matter model. The error bars are uncertainties on the median from 100 bootstraps.
to retain the interstellar gas against supernova (SN) winds (Dekel & Silk 1986) :
where f b =Ω b /Ω m ≃ 0.17 is the cosmic baryon fraction, v reion is the minimum halo circular velocity for gas accretion, v SN is a characteristic velocity for SN feedback, and M shock represents the transition from pure cold to mainly hot accretion. Figure 1 describes the efficiency of galaxy formation, m stars + cold gas /(f b M ), at z=0 and 5, with the parameters tuned to match the observed (z≃0.1) galaxy stellar mass function (MF) of Bell et al. (2003) . Galaxy formation occurs in a fairly narrow range of halo masses, that varies with redshift. We apply equation (2.1) to the merger trees run on the halos and subhalos (AHF algorithm of Knollmann & Knebe 2009 ) of a high resolution dark matter cosmological simulation (CS) When a halo enters a more massive one, it becomes a subhalo and its galaxy becomes a satellite. The orbit of the subhalo is followed until either 1) dynamical friction (DF) causes it to fall to the halo center and necessarily see its galaxy merge with the central galaxy of the parent halo, or 2) it is tidally stripped and heated by the global potential of the halo to the point that there are insufficient particles to follow it. In this latter case (M subhalo < 1.5×10 9 h −1 M ⊙ , corresponding to v circ = 17 km s −1 at z = 0), we assume that the satellite galaxy merges with the central one after a delay set by DF, for which we adopt the timescale carefully calibrated by Jiang et al. (2008) with hydrodynamical CSs. Figure 2 shows that while mergers dominate the growth of the massive galaxies (as expected from the toy model, since gas accretion is quenched at high masses), their importance drops sharply when one moves to masses below 10 11 h −1 M ⊙ (the mass resolution is estimated at 10
10.6 h −1 M ⊙ , where the median fraction of mass acquired by mergers no longer decreases with mass faster than in our reference model where baryons trace the dark matter [red dotted line]). This dominance of gas accretion at low mass is also true for the satellites of clusters (dashed line).
Since observations indicate that most satellites of clusters are dwarf ellipticals (dEs), we conclude that cluster dEs are most often not built by mergers. One must resort to other mechanisms (not included in our toy model) that transform dwarf irregulars into dEs (harassment [Mastropietro et al. 2005] or ram pressure stripping [Boselli et al. 2008] ).
When do dwarf galaxies form their stars?
In our toy model of galaxy formation, galaxy formation can only occur in halos above a critical mass (corresponding to v circ > v reion ). We have used the halo merger tree code of Neistein & Dekel (2008) to statistically study the star formation histories (SFHs) of dwarf galaxies. We consider 24 final halo masses geometrically spaced between 10 7 and 10 12.75 h −1 M ⊙ , and run each halo merger tree 10 000 times. We run the toy model on top of the branches of the halo merger tree (moving forward in time) to follow the evolution of stellar mass (plus cold gas).
The predicted baryonic (stars + cold gas) MFs generally do not match that observed in the SDSS (Baldry et al. 2008) , (but by coincidence they do match the observed stellar MFs). The left panel of Figure 3 suggests that reionization must occur late (z=6). The middle panel of Figure 3 hints that, before reionization, the temperature of the IGM must be set by molecular cooling (v pre−reion =2 km s −1 ). Fig. 4 . Left: Median (mass-weighted) star formation redshift vs z=0 mass. The points (1 in 5 plotted for clarity) are individual galaxies, while the red symbols are medians (error bars extend from 16th to 84th percentiles). The stripes are artifacts of our discrete set of final halo masses. Right: Fraction of young galaxies (half the mass formed more recently than last 1.5 Gyr) versus z=0 baryonic mass (with numbers of expected SDSS galaxies).
In both plots, we adopt vpre−reion=2 km s −1 (H2 cooling) before reionization (z = 6), vpost−reion = 10 km s −1 for z < 6, vSN = 120 km s −1 , and hM shock = 8×10 11 M⊙.
The right panel indicates a good match between predicted and observed baryonic MFs when the IGM after reionization is fairly cool (v post−reion = 10 km s −1 ).
According to the left panel of Figure 4 , as one proceeds from the highest final stellar (plus cold gas) masses to lower ones, one first notices that the median stellar age diminishes, qualitatively reproducing the downsizing of star formation. However this downsizing stops at masses of 10 8−10 h −1 M ⊙ (roughly the masses of blue compact dwarfs) and as one proceeds to even lower masses, one notices an upsizing of stellar ages. In our model, the smallest galaxies have the bulk of their stars formed before reionization.
The right panel of Figure 4 shows that the frequency of galaxies with the bulk of their mass in stars (and cold gas remaining in the galaxy) acquired within the last 1.5 Gyr is maximal at ≃ 0.5% at m stars+cold gas =10 6−8 M ⊙ . The presence of a young galaxy such as I Zw 18, whose baryonic mass is of order 10 7.9 M ⊙ (Thuan et al. 2010) , is consistent with our model (and robust to the parameters). However, our model predicts as many as 340 young galaxies in the SDSS, mostly at m stars + cold gas = 10 10 M ⊙ (and twice as many with v post−reion = 30 km s −1 ), which may present a challenge for such modeling.
The lowest mass galaxies
The middle panel of Figure 3 indicates that there is no peak in the best fitting galaxy (stars plus cold gas) MF, if the IGM temperature before reionization is set by molecular Hydrogen cooling (v pre−reion =2 km s −1 ) with a low-end slope of −1.55 (in comparison the baryonic MF measured by Baldry et al. 2008 has a slope of −1.87). If, instead, the IGM temperature before reionization is set by atomic Hydrogen cooling (v pre−reion =17 km s −1 ), the mass function peaks at m stars+cold gas =10
5.5 h −1 M ⊙ . This maximum is probably not caused by of our mass resolution, since no such peak is seen when the pre-reionization IGM temperature is set by H 2 cooling.
The importance of the low-end tail of the galaxy MF raises the question of the nature of very low mass objects (m stars+cold gas < 10 6 M ⊙ ). Two classes of objects come to mind: Globular Clusters (GCs) and High Velocity Clouds (HVCs). However, in our model, these objects must be (or have been) associated with DM halos. While Galactic HVCs do appear to require DM (Brüns & Westmeier 2004) , Galactic GCs don't (e.g. Sollima et al. 2009 ), perhaps because they are closer and more tidally stripped.
